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Downscaling the IPCC SRES Emissions Scenarios into
Future Local Land Use Scenarios
Michael R. Dolloff
Department of Geography, University of Nevada, Reno
dolloff2@unr.nevada.edu
Abstract
The focus of this project is to present a span of future local land use change scenarios for the Reno/Sparks metropolitan area and Walker Basin through a downscaling and interpretation of the global greenhouse gas (GHG) emissions scenarios of the Intergovernmental Panel on
Climate Change (IPCC) in the Special Report on Emission Scenarios (SRES). The few existing studies that downscale and interpret land use scenarios from the SRES emissions scenarios generally do so to a regional or national scale, so this project will modify these existing
methods to create a method suitable for downscaling to a finer spatial scale. Once the method has been created and tested on the two regions in Nevada, the resulting land use scenarios will be analyzed to understand how local-scale land use policies are related to global climate
change scenarios. The land use scenarios will be spatially modeled to assess how land use changes would occur in the various scenarios and the impacts these changes would have on the region. The scenarios will illustrate the land use impact of local policy choices and global
driving forces, and provide decision makers with a tool for identifying of potential future challenges and conflicts. By linking the land use scenarios with climate change scenarios decision makers will be able to better understand how policies impacting land use will both contribute
to, and be impacted by, future climate change.

A1: The A1 storyline and scenario family describes a future world of very rapid economic growth, global population that peaks in midcentury and declines thereafter, and the rapid introduction of new and more efficient technologies. Major underlying themes are convergence among regions, capacity building, and increased cultural and social interactions, with a substantial reduction in regional differences in
per capita income. The A1 scenario family develops into three groups that describe alternative directions of technological change in the energy system. The three A1 groups are distinguished by their technological emphasis: fossil intensive (A1FI), non-fossil energy sources
(A1T), or a balance across all sources (A1B).

Introduction
The SRES frames its emission scenarios through four qualitative storylines, which each present a different alternative future of the world based upon the interaction of demographic, social, economic, technological, and environmental driving forces (Figure 4). Each storyline produces one of the four “scenario

A2: The A2 storyline and scenario family describes a very heterogeneous world. The underlying theme is self-reliance and preservation of
local identities. Fertility patterns across regions converge very slowly, which results in continuously increasing global population. Economic
development is primarily regionally oriented and per capita economic growth and technological change are more fragmented and slower
than in other storylines.

families” (A1, A2, B1, and B2), under which exist six “scenario groups” (three in A1: A1FI, A1T, A1B, and
one in each of the other three families, and under the groups reside the 40 GHG emissions scenarios.

B1: The B1 storyline and scenario family describes a convergent world with the same global population that peaks in mid-century and declines thereafter, as in the A1 storyline, but with rapid changes in economic structures toward a service and information economy, with reductions in material intensity, and the introduction of clean and resource-efficient technologies. The emphasis is on global solutions to economic, social, and environmental sustainability, including improved equity, but without additional climate initiatives.

Figure 1 illustrates the relationship between the SRES storylines, scenario families, scenario groups and
emissions scenarios.

B2: The B2 storyline and scenario family describes a world in which the emphasis is on local solutions to economic, social, and environmental sustainability. It is a world with continuously increasing global population at a rate lower than A2, intermediate levels of economic development, and less rapid and more diverse technological change than in the B1 and A1 storylines. While the scenario is also oriented toward environmental protection and social equity, it focuses on local and regional levels.

For climate change research, the SRES scenarios offer more than just a wide range of emissions
scenarios that can be used for quantitative scientific analysis through climate modeling. The inclusion of
storylines and global driving forces of future emissions (Figure 2) sets the SRES scenarios up to achieve
their goal of being used “for analyses by the wider scientific and policy communities of climate change
and other environmental problems.” One way to expand the usefulness of the SRES to local decision

(Clockwise from bottom left): Anaconda mine and City of Yerington, Smith Valley, NW-SW suburban Reno, Reno skyline

Figure 4— The four SRES storylines (Nakicenovic et al., 2000)

Methods
• Using a matrix-based approach (Figure 3), the driving forces in the SRES global scenarios (Figure 4)

makers and strengthen the interdisciplinary approach to climate change research is to derive land use

will be interpreted at the local scale to see how they would affect the identified land use driving factors

scenarios from the given SRES storylines and driving factors.

in the two regions. This matrix will show how the land use driving factors such as population, direction of greatest political influence (federal, local or state), environmental regulations, and GDP in the
regions would be impacted under each SRES scenario.

Implications of Research
In addition to building upon the limited body of work done, this study will expand the breadth and usefulness of climate impact research at the local level by developing a method for using the SRES scenarios at a finer spatial scale in land use scenarios:
Analyzing the land use driving factors and policies that are influenced by the global driving factors of

•

With a second matrix, these local land use driving factors will be translated into an overview of land
use parameter judgments for both regions. The overview will provide the directional change of key
land use parameters such as housing demand, density, infill rate, and development rate of transportation network under each SRES scenario.

•

Figure 1 — Diagram of the SRES scenario structure (Nakicenovic et al., 2000)

(Top to Bottom): West Fork of
the Walker River, Truckee River

1.Develop a method for downscaling and interpreting the global SRES emissions scenarios into future
land use scenarios at a small metropolitan region scale.
2. Using this method, develop future land use scenarios for the Reno/Sparks metropolitan area and the
Walker River Basin in northern Nevada.

use policies are related to global climate change scenarios will enable local and state policymakers to

The two matrices will form the foundation of the land use scenarios and from them brief storyline nar-

impacted by, future climate change. This information, combined with the spatial analysis, provides an op-

ratives will be formulated to show the causality between the global emissions drivers and the local

portunity for stakeholders and policymakers in the two regions to understand the causes and possible im-

land use drivers and parameters. The storylines will also be used for cross-checking the logic of the

pacts of future urban growth and land use changes.
To perform a more complete local climate impact assessment the downscaled land use scenarios

the driving factors as they create each unique future scenario.

and GIS models can be joined with downscaled global climate and hydrologic models. Having the inputs

Using the parameters as defined in the second matrix, a GIS model will allocate the future housing

to all of the models based upon the SRES scenarios will ensure a high level of consistency for the com-

and commercial growth to see how each scenario would affect land use changes in the regions. The

parison of the scenarios. This type of assessment would allow for an analysis of how future climate

land use changes will be assessed to observe how the scenarios affect the built environment, infill,

change scenarios impact physical processes (e.g. precipitation quantity and timing) and how these

open space and agricultural lands.

changes coincide with future land use scenarios. The results of this type of interdisciplinary approach

Objectives
•

rections in GHG emissions and local land use policies. A better understanding of how local-scale land
make decisions with greater foresight of how policies impacting land use will both contribute to, and be

assumptions in the matrices and providing an appropriate medium for communicating the evolution of

•

GHG emissions from the SRES will help illustrate the causality and linkages between potential global di-

The results of the modeled scenarios combined with the narratives will allow a snapshot of how future
land use changes might unfold in the regions. The scenarios will provide local policymakers with al-

could lead to an identification of potential future challenges and conflicts caused by simultaneous land
use change and climate change, and possible mitigation and adaptation strategies.

ternative futures of how global SRES emissions scenarios could affect local land use driving factors
and policies, and how that could spatially affect land use change in their region.

3. Assess how the global policies and drivers of the SRES scenarios are manifested in local land use
drivers and policies when downscaled.

Region: Reno/Sparks Metropolitan Area
IPCC SRES Scenarios

4. Spatially model the land use scenarios to illustrate how the differing global SRES emissions scenarios impact land use change and identify potential challenges the future land use scenarios would
bring to the two regions.
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Figure 2 — Diagram of the SRES scenarios and the key driving forces of GHG
emissions (Nakicenovic et al., 2000)
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Figure 3— Sample of matrix highlighting the relative direction of some driving factors affecting land use in the Reno/Sparks Metropolitan Area
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